Background. By weekly monitoring of China's influenza situation, Chinese National Influenza Center observed that the 2017-18 season was predominated by influenza B virus (IBV)/Yamagata. No studies regarding hospitalizations in adults with IBV infections have been performed. We aimed to describe the clinical characteristics of hospitalized patients with IBV infection in northern China. Methods. In this multicenter and retrospective study, we reviewed all consecutive adult patients with confirmed IBV infections at two level A tertiary teaching hospitals in northern China during the 2017-18 influenza season. Patients' clinical and diagnostic findings, as well as administered treatments and mortality data, were analyzed. Results. A total of 573 patients with a confirmed diagnosis of IBV infection were identified, of whom 22 cases were analyzed because of IBV-related hospitalization. Most patients were admitted to the intensive care unit (ICU) and had at least one underlying disease. e total in-hospital mortality was 27.3%. An elevated initial pneumonia severity index score, elevated direct bilirubin values, and lower platelet levels were associated with mortality (p � 0.020, 0.013, and 0.049, respectively). e quick development of bilateral diffuse alveolar infiltrates was the most common imaging characteristics, following consolidation and pleural effusion(s). Risk factors such as HIV infection, pregnancy, underlying medical conditions, coinfections, and treatment delays were not associated with mortality. Conclusions. IBV should not be neglected because of its significant mortality. e elderly and patients with comorbidities, such as hypertension, diabetes, and connective tissue diseases, are more likely to have severe IBV-related pneumonia. Higher heart rates, direct bilirubin levels, initial PSI scores, and lower platelet levels are correlated with hospital mortality. Increased uptake in tetravalent influenza vaccine should be very helpful in preventing future cases of IBV hospitalizations.
Introduction
Influenza epidemics occur worldwide annually, but the 2017-18 season was one of the most severe influenza epidemics since the 2009 influenza A (H1N1) was pandemic in China [1] . ere have been three influenza strains described in humans: A, B, and C, with influenza A being very common, B less common, and C very uncommon [2, 3] . e threat that influenza B virus (IBV) poses to human patients has been somewhat controversial in the past decade. In adults, IBV has been generally thought to be less pathogenic than influenza A virus (IAV). IBV usually can lead to mild self-limited respiratory infections [4] . However, other research studies concluded that IBV can cause similar rates of hospitalization and death as IAV in children [5, 6] . In addition, IBV infections in adults have been increasingly involved in sporadic severe cases [7] [8] [9] [10] [11] . As the Chinese National Influenza Center reported, the 2017-18 season was predominated by IBV (Yamagata lineage) and lower level circulation of IAV (H1N1 and H3N2) [12] . We aimed to describe the clinical characteristics and outcomes in hospitalized adult patients attributable to IBV in northern China during the 2017-18 season.
Materials and Methods

Study Design and Study Population.
is was a multicenter, retrospective review of all consecutive adult patients seen at Peking Union Medical College Hospital (PUMCH) and the Second Hospital of Hebei Medical University (SHHMU) during the 2017-18 influenza season. PUMCH and SHHMU are level A tertiary teaching hospitals in Beijing and Hebei Provinces, respectively. All patients with influenza-like symptoms were detected for IBV, and only those who were confirmed to be IBVpositive were screened. Influenza-like symptoms or diagnoses included a sudden onset of fever, dyspnea, acute exacerbation of chronic obstructive pulmonary disease, or pneumonia. Patients were evaluated by a qualified physician. Nasopharyngeal swabs were collected and tested for IBV by commercial real-time polymerase chain reaction (q-PCR) kits (Liferiver, Shanghai, China) following the manufacturer's instructions within the first 24 hours of admission. IBV infection was confirmed by the presence of influenza-like symptoms with a positive q-PCR test for IBV [13] . A total of 573 patients with a confirmed diagnosis of IBV infection were identified, of whom 22 cases were analyzed because of IBV-related hospitalization ( Figure 1 ). Severe community-acquired pneumonia (CAP) was defined by the modified American oracic Society criteria or by reaching a risk class V of the Pneumonia Severity Index (PSI) [14] .
is study was approved by the Ethics Committee Board of PUMCH and SHHMU (S-K539 and 2018-P026). e informed consent forms by individuals were waived because of the retrospective feature of this study.
Clinical Assessment.
We used a standardized protocol to record clinical data. e following variables were recorded: demographics, CURB-65 index, initial PSI score and APACHE II score, underlying medical conditions, recent surgical history, smoking and alcohol habits, duration of hospitalization, clinical symptoms, vital signs, laboratory tests, chest radiography, hospital-acquired pulmonary infections, antiviral treatment, duration of symptoms onset to antiviral treatment, history of influenza vaccination, and overall outcomes.
Statistical Analysis.
Continuous variables were expressed as a median with an interquartile range. Categorical variables were expressed as frequencies with percentages. e Fisher exact test for categorical variables and the Mann-Whitney U test for continuous variables were used to compare the differences between groups. Statistical analysis was performed using SPSS v. 24 (IBM Corp., Armonk, New York, USA), and a p value <0.05 was considered statistically significant.
Results
Demographics and Clinical
Characteristics. 22 patients with confirmed IBV-related hospitalizations were included during the study period. e patients' median age was 57 years (range, 49-70 years), and 40.9% were male (n � 9).
ere was evidence of underlying medical conditions in 63.6% of the patients (n � 14). ese conditions included heart disease, lung disease, renal disease, liver cirrhosis, diabetes, hypertension, and connective tissue diseases. Five (22.7%) patients had smoking habits, 2 (9.1%) patients had alcohol drinking habits, and 3 (13.6%) patients had surgery less than a month before the onset of disease. No one was vaccinated for seasonal influenza during 2017-18 season. e median length of symptoms onset prior to hospitalization was seven days (range, 5-10 days). Symptoms at presentation included fever, cough, dyspnea, myalgia, rhinorrhea, chest pain, nausea, or seizures. Fever was reported in 20 (90.9%) patients, cough in 21 (95.5%) patients, dyspnea in 16 (72.7%) patients, chest pain in 6 (27.3%) patients, rhinorrhea in 3 (13.6%) patients, myalgia and nausea in 2 (9.1%) patients, and seizures in 1 (4.5%) patient. e median length of hospitalization was 13 days (range, 12-15 days). Demographic and clinical characteristics for survivors and nonsurvivors are detailed further in Table 1 .
Diagnostic Findings.
Diagnostic findings in survivors and nonsurvivors are described in Table 2 . Most laboratory data were obtained within 48 hours of hospitalization, including arterial blood gas analyses, routine blood tests, liver and renal function tests, and creatine kinase (CK) levels. Only one patient showed baseline chronic abnormalities due to his underlying medical conditions. Eleven patients showed leukocytosis, but leukopenia was found in only two patients. Four patients had thrombocytopenia. e majority (81.8%) of patients had a decreased level of serum albumin (Alb), four patients showed an elevation of alanine aminotransferase (ALT), and five patients had an elevated level of creatinine (Cr). Laboratory abnormalities included lymphopenia (68.2%), thrombocytopenia (18.2%), and elevated direct bilirubin (DBil, 31.8%), lactate dehydrogenase (LDH, 81.8%), Cr (22.7%), and CK (31.8%). Of the 21 subjects who measured arterial blood gas, 17 (81%) had an oxygenation index under 300. All 22 patients underwent chest imaging on presentation and indicated the presence of pneumonia. Radiographic findings included bilateral infiltrates (18 patients) and unilateral infiltrates (four patients). e most common imaging findings were bilateral diffuse alveolar infiltrates in 15 cases and focal or lobar consolidation in 10 cases. Eight patients had pleural effusions on admission (Figures 2 and 3 ).
Treatment and Complications.
Of the 22 patients identified, 20 (90.9%) patients received antiviral therapy. Of these 20 patients, 10 (50%) received antiviral treatment within 48 hours of hospital admission, but only one patient was treated with antiviral drugs within 48 hours of symptoms onset. Oseltamivir, peramivir, acyclovir, and ganciclovir are empirical antiviral drugs used in China [14] . Oseltamivir was given in all 20 subjects who were treated with antiviral drugs in this study. Acyclovir, ganciclovir, and peramivir were given together with oseltamivir in one, four, and five subjects, respectively. e median duration of symptoms onset before initiation of antiviral therapy was 10 days (range, 7-13). All 22 patients received empirical broad-spectrum antibiotics, with 90.9% of the subjects receiving combined antibiotic treatment. Adjuvant intravenous immunoglobulin was used in only one patient for 3-5 days, while corticosteroids were used in five patients for 3-5 days. Twelve (54.5%) patients required invasive mechanical ventilation, and 6 (27.3%) patients required vasopressors. Two patients were chosen for extracorporeal membrane oxygenation (ECMO) therapy.
Hospital-acquired pneumonia was identified in 15 clinical cases (68.2%), but there were no significant differences between survivors and nonsurvivors. Acinetobacter Burkholderia cepacia, and one was for extended spectrum beta-lactamase-positive K. pneumoniae.
Clinical
Outcomes. e majority (68.2%) of subjects were admitted to the ICU, and 13 (59.1%) patients fulfilled the criteria for severe CAP. e overall in-hospital mortality rate was 27.3% (six patients). Two patients died of respiratory failure caused by acute respiratory distress syndrome (ARDS). Four other patients died of multiple organ dysfunction syndrome (MODS), including septic shock and respiratory failure. e hospitalization time was shorter in nonsurvivors than survivors (median, 5 vs. 13 days, p � 0.010). ere were no significant differences between the two groups in age, gender, underlying medical conditions, smoking history, drinking habits, or recent surgical history. e median time of symptoms onset before hospitalization was not significantly different between survivors and nonsurvivors (median, 7 days, p � 0.858). Clinical symptoms, such as fever, cough, dyspnea, myalgias, rhinorrhea, chest pain, nausea, and seizures, were similar in survivors and nonsurvivors. Laboratory findings showed a significantly higher heart rate (128 versus 101 beats/min, p � 0.033), a lower platelet count (152 versus 231 10 9 /L, p � 0.049), and a higher DBil (20.8 versus 3.2 mmol/L, p � 0.013) in nonsurvivors.
Chest radiography was not significantly different in either group. Adjuvant corticosteroids had significantly harmful effects in survivors compared with the nonsurvivors in our study (6.3% versus 66.7%, p � 0.009), but there were no significant differences between the two groups regarding antiviral therapy (87.5% versus 100%, p � 1.0), early antiviral therapy (31.3% versus 83.3%, p � 0.056), and adjuvant IVIG (6.3% versus 0%, p � 1.0). e proportion of mechanical ventilation or vasopressors applied was similar between the two groups. Acute renal failure occurred in four (18.2%) patients. e median APACHE II score was 15 (range, [12] [13] [14] [15] [16] [17] . 63.6% of the patients had a CURB-65 score ≥2, and 72.7% had a PSI score at class IV or V. CURB-65 score ≥2, PSI class IV or V, and APACHE II score were not significantly different between the two groups, but the nonsurvivors had a significantly higher initial PSI score than survivors (109 versus 140, p � 0.020).
Discussion
e clinical characteristics of IBV-related hospitalizations in adults have been poorly described in the past. is is the first study to do so based on data from the 2017-18 influenza pandemic season. Since the data we collected all came from a single season, we can avoid biases arising from season-toseason differences in strain virulence and population immunity.
Our study found that most patients fulfilled the criteria for severe CAP were admitted to ICU. However, whether illness severity is related to influenza types, subtypes, or lineages remains controversial. Caini et al. [15] found that except for the 2009 pandemic influenza A (H1N1) virus (pH1N1), the virus subtype did not seem to be a major determinant of severity in prior seasonal pandemics.
Demographics in our study were consistent with previous reports. e median age for our patients was 57 years, and most of the patients had at least one underlying disease. Although the median age of 57 is not particularly elderly, a higher percentage of the patients hospitalized with IBV who died were elderly. ese findings support the idea that the elderly and patients with comorbidities are more likely to have severe influenza [16] [17] [18] . Many researchers have also suggested that asthma and chronic obstructive pulmonary disease (COPD) are the most common underlying conditions in patients hospitalized with seasonal influenza [19] . However, similar to the findings of Chiu [18] , we found that hypertension, diabetes, and connective tissue diseases were the most common underlying diseases in patients hospitalized in northern China with IBV infections. e clinical characteristics and disease development of patients in our study are very similar to pneumonia caused by other pathogens [14, 20, 21] . e presenting symptoms were not significantly different in survivors and nonsurvivors.
e most common symptoms were fever and cough. Few patients had gastrointestinal symptoms, such as nausea or diarrhea. Acute influenza encephalopathy, most commonly reported in children, has also been described as one of the more rare complications of influenza virus infection [22] . However, the occurrence of seizures in just one (5%) of our patients is consistent with previous reports [23] . We found that patients who died had higher heart rates, DBil levels, and initial PSI scores but lower platelet levels than survivors. Leukocytosis is thought to be an unusual finding in influenza virus infections, with leucopenia being present in up to 25% of cases in some studies [23, 24] . However, leukocytosis was observed in 50% of the patients in our study, and leukopenia was very rare.
In contrast to the presentation of influenza A (H1N1) infections with a diffuse interstitial bilateral pattern, Gutierrez-Pizarraya et al. reported an alveolar pattern as the most common feature in 14 adults with IBV-related pneumonia [13] . Kato et al. reported chest computed tomography findings of bilateral diffuse ground-glass opacities and lung pathological findings of diffuse alveolar damage (DAD) in a case of severe respiratory failure associated with IBV infection [25] . However, our study found bilateral diffuse alveolar infiltrates and consolidation instead of interstitial infiltrates as the most common radiographic features in IBV-related pneumonia in adults. us, the imaging characteristics of IBV-related pneumonia may mislead the initial diagnosis and treatment for the IBV-infected patient.
Although the majority (90.9%) of patients in this study received antiviral therapy, only 5% initiated treatment within the recommended 48 hours of symptom onset. e median time of symptoms onset prior to hospitalization was seven days, which makes starting early antiviral treatment within 48 hours of symptoms onset quite difficult. Loubet et al. [26] observed that antiviral treatment was related to a reduced risk of ICU admission among subjects with underlying respiratory diseases rather than decreased mortality. As the US Centers for Disease Control currently recommends, antiviral treatment for all hospitalized, severely ill, and high-risk patients with suspected or confirmed influenza is an important adjunct to annual influenza vaccination. Antiviral treatment started within 48 hours of symptoms onset has been shown to benefit many patients [27] . However, antiviral therapy initiated after 48 hours can still be beneficial for some patients [28, 29] . e efficacy of adjuvant corticosteroids for CAP due to influenza virus infection remains controversial. Some investigations have suggested that early corticosteroid therapy for severe CAP can improve mortality [30, 31] . However, multiple studies have found that corticosteroids for influenza A (H1N1) pneumonia can lead to poor outcomes [32] [33] [34] . Although adjuvant corticosteroids did lead to poor outcomes in our study, we cannot infer that corticosteroids are harmful in IBV-related CAP because of the retrospective feature of our study. e high-severity 2017-18 influenza season highlighted the importance of public health measures to help prevent influenza. Annual influenza vaccination remains the most effective way to protect against seasonal influenza and its potentially severe consequences [28] . As the influenza vaccine is not widely utilized in China, we are unable to show the clinical impact of influenza vaccination between our two study groups. Further education and popularization of the influenza vaccination is highly recommended and should be prioritized in pediatrics, obstetrics, and geriatric public health outreach efforts.
Risk factors, such as obesity, pregnancy, underlying medical conditions, and the presence of coinfections and treatment delays, were all related to increased severity in influenza A (H1N1) infection. Paddock suggested in 2012 that coinfection and cardiac injury contributed to fatal outcomes in influenza B infection [8] , while Cohen found in 2014 that HIV infection was associated with IBV-related hospitalization [35] . However, we found that none of the patients were pregnant or had HIV coinfection in this study, and obesity was not included in our analysis because few obese patients were identified. For the other risk factors mentioned above, we found no differences in other underlying medical conditions, the presence of coinfections, or treatment delays between nonsurvivors and survivors. ese results are consistent with other previous investigations [13, [36] [37] [38] .
Our study has several limitations. First, our results cannot be suitable for all adults with influenza.
ere is selection bias due to only inpatients being included in this study. Second, the small sample size is due to the low incidence of IBV-related hospitalizations. While some studies have tried to combine data from several seasons to increase their sample size, we feel 22 cases was a relatively high number for a single season and worth examining on its own. ird, we cannot know the exact number of each lineage of the cases and which lineage is more likely to result in hospitalization in this study. e subtypes of IAV and lineages of IBV are detected by Chinese National Influenza Center instead of each hospital itself in China. Currently, IAV (H1N1) can also be detected in hospitals, so we believe that the lineages of IBV can also be detected in hospitals in the near future. Finally, the unequal number of patients in the two groups may result in bias in the results.
Conclusions
IBV should not be neglected because of its significant mortality. e elderly and patients with comorbidities, such as hypertension, diabetes, and connective tissue diseases, are more likely to have severe IBV-related pneumonia. Higher heart rates, direct bilirubin levels, initial PSI scores, and lower platelet levels are correlated with hospital mortality. Increased uptake in tetravalent influenza vaccine should be very helpful in preventing future cases of IBV hospitalizations.
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